other experiments (not shown), we had also investigated the possible influences of fermentation under occlusion from oxygen and of presence of 5% ethanol. None of these other treatments led to substantial deviations in methoxyindole concentrations. In further experiments (Table 1) , we subjected cells to a passage through salt, followed by incubation in growth medium. In these cases, an equal volume of double-concentrated growth medium was added. Indolic compounds were also added to cell suspensions kept in salt medium (for concentrations see Table 2 ). Tryptophan was directly dissolved in salt medium; indoleamines were pre-dissolved in concentrations of 0.2 M in DMSO; because of light sensitivity of these compounds, the entire procedure was carried out under Table 2 . Effects of tryptophan and indoleamines in cells depleted of 5-methoxyindoles by a passage through salt medium. Cells (1 mg/ml) were incubated for 4 h in salt medium, in order to decrease 5-methoxyindole concentrations to undetectable levels; thereafter, tryptophan or one of its metabolites was added and methoxyindoles were determined 15 or 30 min later. 5ML was usually undetectable after this short incubation period n.dtcd. =not detected; exog. = exogenous (therefore, determination would only reflect the concentration of the substance taken up from the medium). dim red light (Balzer and Hardeland 1991 nase in Neurospora crassa. Since, however, circadian rhythms are not demonstrable in Saccharomyces cerevisiae and presumably absent in this organism, melatonin's role in yeast should be different from that of controlling rhythmicity and, most likely, from that of a dark signal. To date, we have not found any sign of circadian melatonin rhythm in yeast. Moreover, concentrations of melatonin and the other methoxyindoles can be fairly high (Table 1) , exceeding by orders of magnitude the levels found in vertebrate blood. With regard to the large amounts melatonin attains in yeast, other functions such as participation in antioxidative protection seem possible, as suggested earlier for dinoflagellates (Hardeland 1993 , Hardeland et al. 1995 , 1996 , Antolin et al. 1997 ). In S. cerevisiae, levels of methoxyindoles can be influenced by growth conditions (Table 1) . Changes depending on cell density and duration of incubation are still difficult to interpret. With regard to a considerable variation between cultures prepared from different material, these alterations should not be overrated, at the present state of our understanding. However, a very dramatic change in methoxyindole concentrations was observed when cells were incubated in salt medium: Within 4 h, the three indolic compounds dropped to undectable levels (Table 1) . After a 4 h passge through salt, incubation in growth medium resulted in a rapid reappearance of melatonin and 5ML, whereas 5MT was detected later. With extended incubation time, methoxyindole concentrations gradually declined again.
In further experiments, the causes for the disappearance of methoxyindoles under starvation were investigated. The drop of 5-methoxyindoles in salt medium does not seem to reflect down-regulation of enzymes of melatonin formation by general mechanisms related to growth control, but rather deficiency of the precursor, tryptophan. After addition of this amino acid to starved cells, melatonin, and 5MT as well, rose within 30 min to remarkably high levels (Table 2 ). In particular, 5MT was elevated to concentrations otherwise not found under normal growth conditions.
Within the relatively short period of exposure to tryptophan (30 min), 5ML did not increase to safely detectable levels in these experiments, nor in those with other potential melatonin precursors (no data presented). Thus, the major pathway of 5ML formation of 5ML remains to be identified. On the one hand, this substance may be generated via 5MT oxidation by monoamine oxidase and subsequent reduction of the resulting indolic aldehyde by alcohol dehydrogenase; alternatively, the indolic alcohol may also be formed from 5-methoxytryptophan or by O-methylation of the serotonin metabolite, 5-hydroxytryptophol (Hardeland et al. 1993) . With regard to the low levels of 5ML in the precursor supplementation experiments, and to the presence of relatively high 5ML concentrations in some other experiments in which 5MT remained undetectable (Table 1) , it should be concluded that the formation from 5MT is not the prevailing pathway.
Results similar to those after tryptophan supplementation were obtained upon addition of serotonin, another precursor in the most common biosynthetic pathway of melatonin. In this case, a characteristic dependence on incubation time was observed (Table 2): After 15 min in the presence of serotonin, melatonin was already detectable, but not 5MT, whereas after 30 min, 5MT had increased to very high concentrations. Incubation with N-acetylserotonin, representing in other organisms the direct precursor of melatonin, led to similar results: Melatonin was found in high concentrations already after 15 min, whereas 5MT appeared after 30 min, while melatonin declined again below the determination threshold. Correspondingly, the addition of melatonin led, within 30 min, to very high levels of 5MT. On the other hand, incubation with 5MT resulted in large amounts of melatonin.
Taken together, these results demonstrate that melatonin can be formed in Saccharomyces from precursors of the normal biosynthetic pathway, as known from other organisms, i.e., from tryptophan via 5-hydroxytryptophan, serotonin and N-acetylserotonin. 5MT, which appeared after melatonin, in experiments of supplementation with both full growth medium (Table 1) and precursors (Table 2) , and which was detected in very high concentrations after addition of melatonin, can obviously be formed by deacetylation of melatonin. However, since melatonin can also be generat-ed from 5MT, an alternative biosynthetic pathway is likewise possible, in terms of a side shunt, namely, O-methylation of serotonin followed by N-acetylation of 5MT. This conclusion reminds strongly of the situation in another lower eucaryote, the dinoflagellate Gonyaulax polyedra, in which melatonin is predominantly formed from N-acetylserotonin, but also from 5MT if serotonin is available at high concentrations or when the activity of the melatonin-deacetylating aryl acylamidase is low (Hardeland 1993, Hardeland and Fuhrberg 1996) .
